Guidelines for the treatment of non-small cell lung cancer adenocarcinoma positive in epidermal growth factor mutations indicate tyrosine kinase inhibitors. There are currently three tyrosine kinase inhibitors that can be used as first line treatment: gefitinib, erlotinib and afatinib. Regarding erlotinib and afatinib dosage can be modified in the case of severe adverse effects. In the case of disease relapse investigation for T790M mutation has to be made either with re-biopsy or liquid biopsy and osimertinib has to be administered when T790M is diagnosed. Based on a case series we indicate which is the best approach for T790M mutation.
Introduction
In the era of pharmacogenomics targeted treatments based on the genome of the tumor provide efficient treatments with less side effects when compared to classic treatment modalities. This is the case with non-small cell lung cancer and adenocarcinoma histological subtype [1e3] . In the case of adenocarcinoma we investigate whether there is epidermal growth factor mutation (EGFR), anaplastic lymphoma kinase mutation (ALK) and currently programmed death-ligand 1 (PD-L1) overexpression [4] . There are currently three agents that can be administered as first line treatment in EGFR mutation positive patients: erlotinib, afatinib and gefitinib. These three agents are considered tyrosine kinase inhibitors (TKIs) and their most common side effects are rash, pneumonitis and diarrhea. These adverse effects are considered dose dependent and in the case of erlotinib and afatinib there can be a dose variation. Tyrosine kinase inhibitors are very efficient, however; disease relapse is observed in a different timeline of the treatment for most patients. There are several reasons why resistance is observed in these agents, several pathways have been investigated and indicated that overexpression of vascular endothelial growth factor (VEGF), insulin growth factor 1 (IGF-1), fibrotic growth factor (FGF), Platelet-derived growth factor receptor (PDGFR), tyrosine-protein kinase erbB-2 (HER), V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS), loss of Phosphatase and tensin homolog (PTEN), Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic (PIK3CA), tyrosine-protein kinase Met (c-MET) [5] . An effort has been previously made to provide an agent which downregulates overexpression of VEGFR with success [6] . The most common reason for TKI relapse is the observation of the novel mutation on T790M [7] . In this case osimertinib is administered [8] . There are two methods of investigating T790M mutation either with re-biopsy in a site of disease relapse or with liquid biopsy [9, 10] . We will present four cases and our centers' opinion on this matter.
Case 1
A 59 year old woman was diagnosed with NSCLC adenocarcinoma from malignant pleural effusion and which was positive to EGFR exon 19 ( Fig. 1 ). Upon diagnosis she had with bone scan metastasis to the vertebra. She was administered erlotinib 150mg and she presented skin rash grade III which retrieved within the 20 days. After nine months of erlotinib 150mg administration with a new CT thorax lymphagiomatosis is observed within the lung parenchyma ( Fig. 2 ). Her therapy is switched to gefitinib 250mg. There is clear efficiency of the new drug with Ro of the Thorax (observation every month) and new bone scan. After six months of gefitinib 250mg again there is disease relapse with a new CT thorax and bone scan ( Fig. 3 ). Liquid biopsy for T790M was performed as she refused medical thoracoscopy with negative results. Therapy was switched to chemotherapy with carboplatin/pemetrexed and zoledronic acid. She continued this treatment for ten months until death occurred from brain metastasis and meningeal spread. 
Case 2
A 76 year old woman was diagnosed with NSCLC adenocarcinoma from a CT thorax guided biopsy, which was positive to EGFR exon 19 ( Fig. 4 ). First line treatment was erlotinib 150mg with skin rash and diarrhea grade I for four months. Treatment dosage was changed to 100mg due to the diarrhea which was an issue for the patient in its everyday life. In total the patient received erlotinib for 17 months until disease progression with mediastinal lymphadenopathy. She continued for another five months erlotinib 100mg until clinical PD and she was switched to gefitinib 250mg. After seven months of gefitinib 250mg administration the primary site has enlarged, however; there is no mediastinal lymphadenopathy, and re-biopsy is performed in the primary site. T790M is positive in the new tissue specimen and the patient is receiving osimertinib 80mg to date (10 months).
Case 3
A 56 year old woman was diagnosed from medical thoracoscopy (positive pleura infiltration) with adenocarcinoma and EGFR exon 19 ( Fig. 5 ). She was stage IV due to bone metastasis. She was a passive smoker and her husband was diagnosed with squamous cell NSCLC Stage IIa five years before her diagnosis. She also has Crohn disease. Afatinib 40mg was initiated upon diagnosis. She had rash and diarrhea grade IV for 2 months until afatinib dosage was modified to 30mg. After one month again due to the adverse effects the dosage was modified to 20mg. After one month zoledronic acid was initiated for bone pain management. After 12 months of afatinib 20mg administration new bone metastasis occurred, however; the administration continued for another four months until mediastinal lymphadenopathy was observed along with pleural effusion (Fig. 6 ). Endobronchial ultrasound re-biopsy was performed and T790M was investigated with negative results (Fig. 7) . Liquid biopsy was also performed however; again it was negative. Chemotherapy with carboplatin/pemetrexed was initiated while zoledronic acid continued until now. 
Case 4
A 76 year old woman is diagnosed by CT thorax guided biopsy (left lung mass) with NSCLC adenocarcinoma EGFR exon 19 positive (Fig. 8 ). Upon diagnosis she has multiple bone metastasis. Afatinib 40 mg is initiated along with zoledronic acid for bone pain management. She has rash and diarrhea grade I which are well managed. After ten months the dosage is increased to 50mg and she continues this dosage for twelve months, until disease progression with mediastinal lymphadenopathy and eye metastasis ( Fig. 9 ). Endobronchial ultrasound re-biopsy was performed and T790M was positive (Fig. 10) . She receives to date osimertinib 80mg and the disease is well controlled after 10 months of osimertinib administration.
Discussion
Currently there are additional therapies as second line treatment for adenocarcinoma with immunotherapies (nivolumab and pembrolizumab). In the case of pembrolizumab PD-L1 overexpression has to be at least >1%, while in the case on nivolumab this is not necessary. In the last months pembrolizumab was licensed as first line treatment for adenocarcinoma in the case of PD-L1 overexpression 50%. In pembrolizumab's SPC, as 1st line treatment, pembrolizumab is indicated in EGFR and ALK wild type patients pembrolizumab as monotherapy is indicated for the firstline treatment of metastatic non-small cell lung carcinoma (NSCLC) in adults whose tumors express PD-L1 with a 50% tumor proportion score (TPS) with no EGFR or ALK positive tumor mutations [11] . Liquid biopsy is excellent in the case where the patient does not agree to an interventional method for T790M investigation, however; the sensitivity of the method is lower than the tissue specimen. However; an issue remains whether the site of the rebiopsy contains T790M mutation and additional liquid biopsy has to be performed. There are publications where we have transformation of adenocarcinoma to small cell lung cancer (SCLC) after TKI treatment or immunotherapy treatment [12, 13] . There is also the case where different metastatic sites of the primary disease (adenocarcinoma) transformed to SCLC after TKI administration, while in the same patient other metastatic sites had T790M mutation [14] . As a conclusion re-biopsy should be performed in any site primary or metastatic that occurs during TKI therapy, not only to investigate T790M, but also to investigate whether the tumor has changed and chemotherapy is needed. Liquid biopsy can be a surrogate method of biopsy or an additional method. There is the case where the site that we chose to re-biospy is negative, however; another metastatic site might be positive for T790M. More trials are needed towards this very important daily issue that treating physicians have to manage.
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